INTRODUCTION {#sec1-1}
============

Microorganisms are necessary for initiation of pulp and periapical disease.\[[@ref1]\] Hence, the aim of root canal therapy is to eliminate bacteria from the root canal system in order to provide an appropriate environment for tissue repair and healing.\[[@ref2][@ref3][@ref4]\]

*Enterococcus faecalis* is an anaerobic Gram-positive bacteria and is responsible for 80-90% of *Enterococcal* infections; it is generally the only *Enterococcus* species isolated from failed obturated root canals.\[[@ref5]\] These facts indicate that *E. faecalis* plays an essential role in persistent failure of endodontic treatments. It has been suggested that virulence of *E. faecalis* may be due to its resistance to intracanal medicaments and its survival in the root canal as a single organism without the support of other bacteria.\[[@ref5]\]

It has been indicated that the healing of periapical lesions, after root canal treatment, is more predictable in negative bacterial cultures compared to positive ones.\[[@ref6]\] Although after mechanical preparation of the root canal the population of microorganisms is significantly decreased, all the microorganisms are not eliminated.\[[@ref2][@ref3][@ref4]\] Therefore, it is recommended that appropriate irrigants and intracanal medicaments be used in necrotic and infectious cases for efficient removal of microorganisms which are inaccessible by instruments.

When treatment is not completed in one session, the remaining bacteria can proliferate in the root canal system. The use of intracanal medicaments is effective in decreasing bacterial proliferation and can modify bacterial suspension.\[[@ref5]\] One of the most commonly used and effective intracanal medicaments is calcium hydroxide. However, the buffering activity of dentin can neutralize calcium hydroxide activity in deeper layers of dentinal tubules, and the microorganisms can survive.\[[@ref6]\]

Chlorhexidine (CHX) is a base and is stable in salt form. It is a strong antimicrobial substance and is especially effective against *E. faecalis*, which is the main cause of endodontic treatment failures. It is bacteriostatic in low concentrations and bactericidal in high concentrations.\[[@ref7]\] One of the unique characteristics of CHX is its substantivity, which is the result of its ability to bind with dentinal hydroxyapatite.\[[@ref7]\] It can be gradually released for up to 48-72 h after root canal debridement and preparation. It has also been suggested that CHX\'s substantivity may effectively decrease coronal leakage after root canal treatment.\[[@ref8]\] Since CHX may partially flow beyond the apical foramen, its viscous gel can be a more proper form for intracanal application.\[[@ref8]\]

In root canal therapy, antibiotics can be used as adjunctive medicine. To enhance their efficiency, they are used inside the root canal system.\[[@ref9]\] Different studies have indicated that triantibiotic mixture (TAM), consisting of ciprofloxacin, metronidazole and minocycline, is effective against different pathogens, including *E. faecalis*. However, the problem with this mixture is the possible color change caused by minocycline.\[[@ref9][@ref10]\]

Research has been conducted on new biological intracanal medicaments which are derived from plants. Since commercial intracanal medicaments can have unwanted chemical reactions and are ineffective in eliminating all the bacteria, new intracanal medicaments can be considered.\[[@ref10]\] Propolis is a new natural preparation. It is a resin-like substance, rich in flavanoid, which is produced by bees from poplar and coniferous trees or clusia flowers. This substance can be used as an intracanal medicament or root canal irrigant, and can act as a maintenance environment for avulsed teeth to keep periodontal ligament cells viable.\[[@ref9]\] It also contains antibacterial, antifungal, and antivirus properties.\[[@ref6]\] In addition, Propolis has antioxidating activities superior to those of vitamin C.\[[@ref6][@ref11][@ref12]\] Flavanoids constitute the major components of Propolis resin, which is the active ingredient with most of its properties (antioxidant, antiviral, antifungal, anti-cancer, and anti-inflammatory).\[[@ref13][@ref14]\] Its phenolic combinations, terpene, aromatic acids, and esters have antibacterial activities.\[[@ref6]\] Recent studies have indicated that Propolis is effective against microorganisms and yet more compatible with periapical tissues than existing intracanal medicaments.\[[@ref9]\]

The other natural substance considered is Aloe vera. Different kinds of this plant have shown great therapeutic effects. As a toothpaste, its antibacterial effect has been investigated on seven pathogenic microorganisms which are dominant microbiota of the oral cavity, proving to be comparable to two commercial toothpastes.\[[@ref15]\] Aloe vera gel has inhibitory effects on *Streptococcus pyogenes* and *E. faecalis*.\[[@ref16]\] The effects of this gel, as an intracanal medication, have not been investigated.

Therefore, in the present study, the antibacterial efficacy of TAM, CHX, and two natural materials Propolis and Aloe vera against *E. faecalis* was investigated in deep dentin.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of the teeth {#sec2-1}
------------------------

Ninety single-rooted and single-canal teeth with straight roots and mature apices, extracted recently, were included in this study. The teeth with any sign of crack or groove were excluded. The teeth were cleaned of tissue remnants by a Cavitron device (Dentsply international Inc., York, PA, USA). Then, they were placed in 2.5% sodium hypochlorite solution for 2 hours for disinfection purpose. They were stored in normal saline solution until used for the purpose of the experiment.

The teeth were prepared according to Haapasalo and Orstavik method.\[[@ref17]\] The tooth crowns and 3-4 mm of root ends were removed by a diamond disk (Dentsply, Maillefer, Baillaigues, Switzerland), so that tooth samples measuring 8 mm in length were achieved. The canals were prepared by K-files \#15-40 (Dentsply, Maillefer, USA) and GG drills \#1, \#2, and \#3 (Dentsply Maillefer, Ballaigues, Switzerland). The aim of this step was to prepare a cylinder measuring 8 mm in length and 0.9 mm in internal diameter to be used in the experiment later. The external surfaces of the samples were covered by epoxy resin (3M Dental Products, Bracknell, UK). The canals were irrigated by 17% EDTA (Fisher Scientific, Fair Lawn, NJ, USA) for 5 minutes, and then by 5.25% sodium hypochlorite for another 5 minutes in order to remove the smear layer. Then, final irrigation was carried out with 1 mL of normal saline solution for 1 minute. The open ends of the roots were sealed by composite resin (Filtek Z 250; 3M ESPE); next, the samples were sterilized in an autoclave at 121°C for 20 minutes at 20 psi. To make sure that the autoclave operation was accurate, in addition to common commercial standard tests like spore test, culture was taken from the negative control group samples.

Microorganism culture and infection {#sec2-2}
-----------------------------------

All the microbiological steps were performed under a class II biological hood (class II laminar hood). *E. faecalis* (ATCC 29212) samples were fertilized in 5 mL of Tryptic soy broth (TSB) and incubated at 37°C for 8 hours in aerobic environment. An *E. faecalis* suspension, containing 3.6 × 10^8^ CFU/mL (equivalent to ≈2.0 McFarland standards), was prepared. Ten microliters of *E. faecalis* suspension was poured into all the canals by a sterilized sampler. Then, the canal orifices were sealed by a temporary cement (Cimpat, Septodont, Saint-Maur-Des-Fosses. France). The samples were placed in sterilized Petri dishes, covered with humid sterile gauze and incubated at 37°C for 21 days. The temporary cement was removed by an explorer on the seventh and fourteenth days and 10 μL of TSB was added to the samples by sterilized samplers; finally, the teeth were sealed again in order to complete the duration of experiment.

Intracanal medicament placement {#sec2-3}
-------------------------------

The samples were randomly divided into five groups (*n* = 15). Each group received one of the following intracanal medicaments:

Group 1: TAM (Clarient Life Science, Barcelona, Spain)

Group 2: 0.2% CHX gel (Curaden Healthcare s.r.l, Italy)

Group 3: Propolis (Bill Beauty and Health Product Ltd, Canada)

Group 4: Aloe vera gel (Dr. Organic Ltd; United Kingdom)

Group 5: Normal saline as positive control group

Fifteen samples did not undergo any interventions to serve as the negative control group to validate the autoclave efficacy.

TAM (0.5 g of ciprofloxacin plus 0.5 g of minocycline plus 0.5 g of metronidazole) was mixed with normal saline by 2:1 proportion to produce a paste. Propolis capsule was mixed with 70% ethanol by 2:1 proportion to yield a paste. The TAM was placed into the canal by paper point and other medicaments were injected by a 27-gauge insulin syringe; then, the canals were sealed by temporary cement. In the Propolis group, injection was carried out twice with a 10-minute interval to make sure that alcohol evaporated. For the same reason, the orifices of the canals in this group were sealed after 10 minutes. Finally, the samples were incubated at 37°C for 7 days.

Collecting microbiological samples {#sec2-4}
----------------------------------

After the incubation period, the temporary cement was removed. Dental cylinders were irrigated by 5 mL of normal saline solution. The surface dentin was removed by GG \#4 and the canal was irrigated by normal saline solution. The deep dentin was removed by GG \#5 bur as each bur was used three times on the whole canal length; the dentin chips were collected in a tube containing 1 mL of TSB. Then, each sample was mixed for a minute and 10 μL of it was poured on blood agar culture and was incubated at 37°C for 24 hours. Next, colony-forming units (CFUs) were counted and recorded by a blinded microbiologist. To confirm bacterial identity the colony morphology and biochemical tests were used.

Data analysis {#sec2-5}
-------------

SPSS 15.0 Software (SPSS Inc., IL, USA) was used for statistical analysis. One-way ANOVA and *post hoc* Tukey tests were used to analyze data (*P* \< 0.05).

RESULTS {#sec1-3}
=======

CFU of *E. faecalis* for all the groups are illustrated in [Figure 1](#F1){ref-type="fig"}. The means (standard deviations) of CFUs were 373.3 (310.4), 880 (574.7), 2933.3 (2880.1), 9200 (4601.2), and 33333.3 (9759.0) for TAM, CHX, Propolis, Aloe vera, and positive control groups, respectively \[[Table 1](#T1){ref-type="table"}\]. The mean CFU for all the experimental groups was significantly less than that in the positive control group (*P* \< 0.05). There were no significant differences between the means of CFUs for the TAM, CHX, and Propolis groups (*P* \> 0.05). The mean CFU for the Aloe vera group was significantly more than those in the three other experimental groups (*P* \< 0.05).
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DISCUSSION {#sec1-4}
==========

In many primary root canal infections and treatment failures, mechanical preparation and irrigation cannot eliminate all the bacteria from the infected root canal. In these cases, the use of intracanal medication is essential to help disinfect the infected root canal system.\[[@ref18]\] Calcium hydroxide is commonly used as an intracanal medicament.\[[@ref9]\] However, several studies have shown that calcium hydroxide is not effective when the canal is infected with *E. faecalis*.\[[@ref19][@ref20][@ref21]\] Consequently, more studies are being conducted to find more effective materials.\[[@ref22]\] The present study examined the effects of different intracanal medicaments against *E. faecalis*, including TAM, 0.2% CHX gel, Propolis and Aloe vera.

*E. faecalis* is a resistant anaerobic bacteria which has the ability to invade dentinal tubules and dentin collagen binding,\[[@ref5]\] and has high resistance to environmental stresses.\[[@ref23][@ref24]\] Its survival does not depend on other bacteria.\[[@ref5]\] This bacterial species has been isolated from the root canals with treatment failures up to nine times more than the canals with a primary endodontic infection.\[[@ref25]\] Thus, it has been used in many studies to evaluate the effect of intracanal medications.\[[@ref9][@ref23][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32]\] Therefore, in this study, *E. faecalis* was used to assess the antibacterial effect of intracanal medicaments.

Different methods have been used to assess the effects of intracanal medicaments on infected dentin. In the present study, the dentin block model was used as it simulates the microscopic anatomy of dentin.\[[@ref33]\] This model allows standardizing the length and diameter of the samples and reducing the morphological differences found in the roots of the teeth.\[[@ref33]\]

In this study, TAM exhibited no statistically significant difference in antibacterial effects on *E. faecalis* in deep dentin compared to 0.2% CHX gel and Propolis groups. These results were similar to the results obtained in several other studies.\[[@ref9][@ref22][@ref34]\]

Madhubala *et al*.\[[@ref9]\] showed that TAM and Propolis, as intracanal medicaments against *E. faecalis*, had equal antibacterial effects on the seventh day. It also exhibited the highest percentage of reduction in colony counts, which is consistent with the results of the present study. It should be noted that colonization of the surface dentin was investigated in their study, while in the present study, the effects of these two medicaments in deep dentin were compared for the first time. Adl *et al*.\[[@ref22]\] showed that metronidazole is the most effective component of TAM against *E. faecalis*. Metronidazole has a broad spectrum of activity against anaerobic bacteria and protozoa.\[[@ref35]\] Minocycline is bacteriostatic and has a wide range of activity against Gram-positive and Gram-negative bacteria through prevention of protein synthesis by the organism.\[[@ref35]\] Ciprofloxacin has a rapid bactericidal activity and is more effective against Gram-negative bacteria.\[[@ref35]\] The problem with this combination is the possible tooth discoloration by minocycline.\[[@ref36]\]

In several studies, Propolis, as an intracanal medicament, has shown very promising antibacterial effects against *E. faecalis*.\[[@ref9][@ref37][@ref38]\] The results of the present study also confirmed those of previous studies. Its strong antibacterial effect is possibly due to the rich flavonoid combinations.\[[@ref13][@ref14]\]

There are many different combinations and concentrations of CHX. Gel formula has advantages of less toxicity to periapical tissues,\[[@ref7]\] maintaining contact with the walls of the root canal and the solubility of the active compounds in water.\[[@ref39][@ref40]\] Hence, CHX gel formulation was used in the present study. Several studies have shown 100% reduction in *E. faecalis* growth through the use of 2% CHX gel as an intracanal medicament.\[[@ref34][@ref39][@ref41]\] In the present study, 0.2% CHX gel had excellent antibacterial effects in deep dentin. However, Basrani *et al*.\[[@ref42]\] showed that 2% CHX gel had a stronger antibacterial effect compared with 0.2% concentration. Meanwhile, according to the results of the present study, it seems that use of 0.2% CHX gel, as an intracanal medicament against *E. faecalis*, is effective and sufficient.

In this study, Aloe vera resulted in a dramatic reduction in the number of colonies of *E. faecalis* compared to the positive control group, but it had the lowest antibacterial effect compared to the other study groups. These results are consistent with those reported by Bhardwaj *et al*.\[[@ref41]\] In their study, 2% CHX gel completely inhibited the growth of *E. faecalis*, while Aloe vera and calcium hydroxide inhibited bacterial growth by 78.9% and 64.3%, respectively. In addition, Aloe vera has been shown to have anti-inflammatory, antibacterial, and hypoglycemic effects.\[[@ref43]\] The antibacterial effect of Aloe vera might be due to its vitamins, enzymes, minerals, amino acids, salicylic acid, lignin, and saponin.\[[@ref44]\]

CONCLUSION {#sec1-5}
==========

This experimental study showed that TAM, 0.2% CHX gel and the natural material, Propolis, had similar antibacterial effects on *E. faecalis* in deep dentin. The antibacterial effect of Aloe vera on *E. faecalis* was less than other medicaments. Considering the possible tooth discoloration with TAM, 0.2% CHX gel or Propolis can be used as alternative intracanal medicaments in root canal treatment.
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